a 



(19) 



Europalschos Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Dato of publication: 

05.11.1997 Bulletin 1997/45 



(n) EP 0 805 260 A2 

EUROPEAN PATENT APPLICATION 

(51) lot CI E21B 43/26 



(21) Application number: 97400988.8 

(22) Date of filing: 30.04.1997 



(84) Designated Contracting States: 


• Nimerick, Kenneth H. 


DE DK FRGBIEITNL 


Tulsa, Oklahoma 74145 (US) 




* Nelson, Erik Bentley 


(30) Priority: 01.05.1996 US 641677 


Broken Arrow, Oklahoma 74012 (US) 




• Maberra, Jack L. 


(71) Applicants: 


Katy, Texas 77450 (US) 


• SOFITECH N.V. 


• McConnell, Bruce S. 


1180Bruxelles(BE) 


Katy, Texas 77479 (US) 


Designated Contracting States: 




DE DK GB IE IT NL 


(74) Representative: Menes, Catherine et a I 


• COMPAGNIE DES SERVICES DOWELL 


Etudes et Productions Schlumberger 


SCHLUMBERGER S.A. 


Division Dowell 


92541 Montrouge (FR) 


26, rue de la Cavee 


Designated Contracting States: 


B.R 202 


FR 


92142 Clamart Cedex (FR) 


(72) Inventors: 




• Card, Roger John 




Tulsa, Oklahoma 74137 (US) 





(54) On-the-fly control of delayed borate-crosslinking of fracturing fluids 



(57) A method is provided lor controlling the delay 
time of aqueous borate-crossl inked polysaccharide- 
based fluids for hydraulic fracturing and related applica- 
tions which allows on-the-fly control of the delay time 
without comprising overall fluid integrity Without having 



to modify the total boron content nor pH of the fracturing 
fluid, the delay time is controlled by adding a polyol to 
the fracturing fluid at a first rate, determining the result- 
ing delay time and then adjusting the rate of the polyol 
addition to the fracturing fluid until the desired delay time 
is achieved 
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Description 

This invention teut on io crossl inked polymer gel compositions that may be used as fracturing fluids for oil and gas 
wells More particulate th & invention relates to a method lor controlling the delayed borate-crossltnking of fracturing 
5 fluids "on-iho-lly* irut * ir c fracturing fluid is being prepared and pumped down to the subsurface formation during 
the fractunnq process 

The uso of bone f «j o» other boron containing materials to crosslink polysaccharides, e.g., guar, is known in the 
art. See U S 3 05c <O q lo Kern issued October 16. 1962. Such fluids in Kern were used for fracturing subsurface 
formations fn produemq c»( nnd gas. a well is drilled lo a subsurface location where oil and/or gas may be present. 

'f Sometimes the tcm^ton n wtfucn the oil and/or gas are located do not allow the oil and/or gas to escape the formation 
up the oil wol) bo*c One rrctrod to increase the amount of oil and gas pfoduced is to make cracks extending out from 
the wolf bore mio the sub<, jtucc formation. One way to do this is to pump a fluid at high pressures down into the well 
bore to cra:k 'he icym.it on ,*nd force the fracturing fluid into those cracks. The fracturing fluid carries sand particles 
or other typos or p-nx-ie* wtucn are called proppants. lo hold the cracks open when the pressure is relieved. See the 

'5 patent to Kern 

A proocm cncouT'te'to ou»mq fracturing and during other well operations is the loss of fluid circulation. For ex- 
ample during if,*- 1 j ti^ mo«c rrwy be encountered areas ol high permeability, which is an area like a sponge having 
large holes mtou i «r>« r ,&o*t fluids to flow out ol iho formation into the well bore easily or from the well bore into 
the forrr<iiion o.*^y A* hlicc ,«lovc fracturing is usod when fluids will not easily flow in or out of the formation. This 

20 is like h spuria* *<ir vc«> wtmii tn>os When the holes gel too small, oil for example will not want to come out of the 
subsuilrtcu lu«"^i*_*> A.* (Ocvl it*jvo fracturing is intended to make the holes bigger by forming cracks through the 
formation en **ncw j r>c *mi--tce «irca exposed to the well bore. However, if an area with large holes is encountered, 
pressure nviy tv> t* rr rtiri t^«: during the tract unng operation because the fluid which is being pumped down into 
the well bo c o :# *>) m . ,r> ,ko.i tr^it has high pormottbility. i.e.. larger holes, rather than the subsurface formation 

ss to be if.tciut co i,. ncirK". irc.n<nq tno cracks in tnc subsurface formation during fracturing may also cause lost fluid 
circu,ition S«*' u s n :t: io Walker et al at col 1. lines 33-56, and col, 8, lines 36-37 ("Fracturing creates 
additional t wvA ,*>*<«vhIos lost circulation problems "). 

Another r*'iM-"- m i <*<od wrth fracturing operations is that the temperature increases the further down into 
thn onfth yn,, T - m ■ », r^ t *y tho sand panicles used lo keep the cracks in the subsurface formation open once 

30 thoy ()-«~ii*r%i t< « i * rvj tiuri needs to bo able to carry these particfes afl the way down and into these cracks 
One why o» ou^'c * tc *x tc-tse the viscosity ol the Iracturmg fluid, i.e., to make the fracturing fluid thicker. This is 
whnt Kern d<j t» ■ j a . -mpoend fwvtng boron such as boric acid. The boron, as borate ions, in the boric acid would 
atiac*i to diic<oni r» *«- w\ d 3>ir to make the fluid thicker The more boron as borate ions is present, the more guar 
molecules *»c *a«i*co t »>?mc find the thicker the fluid 

35 Thefcto«o ftu«i /iv *>a fluid stability arc dictated by the concentrations of the polysaccharide and of borate 

ton Few /« o»vt" u« i»c * ccrventfHtion, increasing tnc amount of guar will increase fluid viscosity and will increase 
the amount o* t**»- •■ t-v*i fluid can be held at a given temperature without significant loss of viscosity. The fluid 
is much mwc w. tr « concentration of borate on If there is too little borate ion, no significant viscosity will be 

dovo oped *xj p«- ft i«t *< t>? useful. If there is loo mjch borate, the fluid becomes over-crosslinked, i.e., the guar 

■>0 roacts with the tx* • ». v m uqht tittle balls of potymer in a water-thin fluid. This fluid has no effective viscosity 
and is not k. »• *isoort proppant Thus tho borate ion concentration must be controlled within a very 

narrow win,*?* r * vMbte fluid lor hydMultc fracturing applications. 

Anctnc* c*.* * t -vi i bo on cross-lmKod quar is that it is sensitive to pH. As noted above, the bonds or ties 
beiwoen t^ t* * - •*> i '* * ">o*oculc are m oquit brum pH is a measure of how acidtc or basic a fluid is. As the 

■** pH is nviuc r*> »t- ; ■>«•.*«■ f< ■» more mclinod to ^Mch itsoll to a guar molecule. As it becomes more acidic, the 
boron rr.iu.fi,* i.-**' v;.*^ r » i-^nn of bore hckj rind docs not attach itself to the guar molecule. A pH of 7 is said 
to bo ncuiMi a jromi- ; i« vi»d to bo base nnd it goes all the way up lo a pH of 14. A pH less than 7 is said 
lobcrtcxj*. rt/tj « i i *».»« ^ ' Mnd evon miIj muihIivc numbers). 

TiHxj'-jrt t> .■«..*■ • % ««aJ ■« d vanety ol w*iyt» it must be present as borate ions in order to serve as a 

so crosslmkci to* eg guar According to 0 J Doonan and L.D. Lower ('Boron Compounds (Oxide, 

Acids Corbie* ' * • •» r '-cyclopedia ol ChcmicHt Technology. Vol. 4, p. 67-110, 3rd ed., 1978), boric acid, 

borutc ion ,hkh> » . * •. .*.#vj v irous amounts ot boron oxygen, and hydroxy! groups exist in dynamic equilibrium 
whero the pcicf « » the cpccics prosonl is diclatod mainly by the pH of tho solution. Borate ion bogins to 
domtnnto tho oi*> - u * * s*« pio&ont in tho fluid at a pH of approximately 9.5 and exceeds 95% of total boron 

ss specios present v .4 t * * ,.r... j! m 5 According to BR Sanderson ("Coordination Compounds of Boric Acid" in 
Mellor's Ccmr v » ^«' r-.homistrv. p. 721-764 ca 1975), boron species (including borate ions and boric 

acid among oihoi'. u... ■ o. ^nrl noly-hydroxyl compounds having a cis-hydroxyl pair to form complexes which 
are in rapid oqwiitv. *c* !»..• unromplexed boron species and the cis-hydroxyl compounds The relative amounts 
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ol (he complexed and free materials are provided by the equilibrium constants for the specific systems. The equilibrium 
constants for borate ion is several orders of magnitude larger {typically by factors of 10 4 to 10 10 ) than the equilibrium 
constant for boric acid with the same cis-hydroxyl compound. For all practical purposes, borate ions form complexes 
(to can serve to crosslink polysaccharides), while boric acid does not. Therefore, in order to have a useable 
cosslmked polysaccharide fluid with the minimum boron content, most of the boron must be present as borate ions 
when requires a pH of at least about 8.5, preferably at least about 9.5. For example, in Kern in order to crosslink the 
qu<ir with the boron, the pH was made basic, preferably between pH 8.5 to 1 2, when the boron compound is added to 
the hydra ted guar. He adjusted the pH of the fluid by adding a base, specifically sodium hydroxide. 

Unless a fluid is adequately buffered, pH will decrease with increasing temperature. (This is generally true of 
buttered fluids as well, it is just that the change in pH is much less severe for buffered fluids.) For a solution prepared 
wfth sodium hydroxide with a room temperature pH reading of 12, raising the temperature by 100*F. will decrease the 
pH by more than 1 unit. Since we are mostly interested in use above 200° F., the change in pH from the time it is 
prepared until it is at the maximum temperature in the reservoir will be greater than 1 pH unit, and could easily be as 
much «s 2 or more pH units. This change is sufficient to cut the effective concentration of borate ions in half if we start 
nt * pH ol 11 .5 or higher. It is enough to reduce the effective concentration of borate ions by a factor of 4 if we start at 
h pM ot 10.5. The pH of the fluid prepared at the surface and the boron level must be specially controlled to provide 
the optimum fluid performance in the down hole environment. 

One ol the problems with boron acting as a tying agent or a cross-linking agent that ties two molecules of guar 
icocinof is that the ability to form such attachments or bonds is sensitive to temperature. The bonds or the ties between 
irtc txxon and the guar molecules is nol a permanent bond, but is said to be in equilibrium. This means thai it can undo 
itsx.il niHj teattach itself at the same or another point of the guar molecule or with another molecule of guar. Further, 
the qurtf is like a coil of material. As it is heated, it relaxes and can extend itself. At some point, it becomes a little more 
cM-rutt tor the boron that is attached to one molecule of guar to find another molecule of guar to attach to. 

One way of getting around this problem is by adding additional boron, batchwise or on-the-fly, to the system to 
•vie isc the chancos of tho boron as a borato ion attaching two guar moloculos togothor and maintaining tho viscosity 
erf tho if HCturing fluid to a point that it can still carry the sand particles into the cracks in the formation. However, adding 
*W"coil boron to the fracturing fluid at the surface quickly and greatly increases the viscosity or thickness of the fluid 
*nri mnkos it very difficult to pump down the well bore requiring additional horsepower, thereby increasing the cost of 
frtt Further, using these higher pressures to pump the viscous fluid down the well bore increases the friction of 
mo nurturing fluid against the well bore wall causing damage either to the well bore wall or to the fracturing fluid itself 
t>* bong pulled apart as it is going down the well bore wall as a result of the friction. Accordingly, there was a need to 
'>-i«\ tho increase in viscosity needed down in the well bore so that the increased viscosity was not seen at the surface 
*h*: the fluid was being pumped down into the well bore. Preferably, the increased viscosity happened close to the 
im whore Iracturing was to occur or at least to the point at which the temperature was sufficiently high that additional 
tx»nn wms needed to be released to maintain the viscosity of the fluid so that the sand would not fall out of the fracturing 
fu o tt the sand particles could not be sustained by the fracturing fluid, then they could not be placed within the cracks 
^ tne formation formed by the fracturing operation to maintain the cracks open after the pressure was released. 

One way of delaying the cross-linking between the guar molecule and the boron was to use a slowly dissolving 
m ttrfirii The material could be a slowly dissolving base (see, e.g., U.S. 3,974,077 to Free; used magnesium oxide as 
t*t*c o* h wax-encapsulated base) or a slowly dissolving boron-containing material (see e.g., U.S. 4.61 9,776 to Mond- 
v #v , For example, with a slowly dissolving base, the pH would not be increased until the materials were further down 
*cN bore Accordingly, additional boron -containing material could be added at the surface but would not increase 
the v rwrosity or thickness of the fracturing fluid until the slow dissolving base dissolved and increased the pH to become 
t**\* *rd tnoretore encourage the boron containing material to crosslink or attach itself to the guar molecules. Alter- 
'w > «ry h slow dissolving boron -con taming material could be used. The pH of the fracturing fluid could be made basic 
: w v*v : the boron -containing material was slowly dissolving, it would not increase the viscosity or thickness of the 
•■ * i^tf*q fluid until it got further down into the well bore and the boron -containing material dissolved, A modification 
' • «■» to use a solid boron-containing material that was coated or encapsulated in a material that would slowly 
>---*vv of ode oi melt away down in the formation as the tempeiature increased. (see. eg. U S. 3,898.165 to Ely 
» r u.sclosos the use of borax particles encapsulated by a paraffin wax for high temperature stability in fracturing 
-t\ , Cither way, a delay in the cross-linking or attachment of the borate ions provided by the boron -containing ma- 
k .1 , to ihc guar molecules was effected. 

fxjtcd above, the altachmont of tho boron matorials to tho guar moloculos is also temperature sensitive. Further, 
'•• molecules, which are fairly long molecules, are all coiled up at lower temperatures such as temperatures 
n; toncod at the surface compared to temperatures experienced down in the well formation. Accordingly, at the 
s . • i * c *hore are fewer locations for the borate ions to attach themselves to guar molecules because the guar molecules 
• '■"I'vl up Therefore, if additional boron material is added at the surface which provides borate ions in excess of 
t- wtMC.h will bind up the available sites on the guar molecules, then this excess would be available down in the well 
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bore. In U.S. 3,21 5,634 to Walker, issued November 2. 1965, he did just that, but added a poly hydric alcohol containing 
from 2 to 5 carbon atoms, for example, glycerol and ethylene glycol, to stabilize the fluid and reduce the fluid's sensitivity 
to temperature change. A polyhydric alcohol is an alcohol that has more than one "OH" group which is called a hydroxyl 
group. Guar molecules have hydroxyl groups in them. Guar is like a long chain in which the various links of the chain 

5 are various molecules of simple sugars or sugar residues, i.e., what remains when sugar molecules are pulled apart 
(hereinafter referred to as "simple sugars") attached to each other. Simple sugars or sugar residues are also called 
monosaccharides. Certain of the simple sugars in the guar chain have pairs of hydroxyl groups that are in a "cis" 
orientation, i.e., parallel to each other and extend in the same direction. When a boron material attaches itself to a guar 
molecule, it attaches itself at a point where these two hydroxyl groups are located. Walker recognized this tact and 

10 utilized it to his advantage. He used polyhydric alcohols which had at least two hydroxyl groups in the same type of 
position that are presented in the guar molecule. Accordingly, since these hydroxyl groups are not tucked away within 
the coils of the guar molecule, they are readily accessible for binding or attaching to the excess boron present as borate 
ions that is available. This also keeps the guar molecules from becoming overly attached to each other through the 
borate ions such that the attached or cross-linked guar molecules tend to precipitate of fall out of solution. As noted 

is above, the bonds or attachments between the boron and these hydroxyl groups are in equilibrium and attach and 
reattach to the same or other pairs of cis-hydroxyl groups. Accordingly, as the fracturing fluid continues down its journey 
within the well bore and the temperature increases, the guar molecules tend to uncoil exposing more hydroxyl groups. 
Since the borate ions attach and reattach themselves to these pairs of hydroxyl groups on the polyhydric alcohols or 
on the guar molecules, and the guar molecules are present in a greater concentration than the polyhydric alcohols, 

so the boron lends to seek or finds more of the pairs of hydroxyl groups on the guar molecules to attach itself lo. Accord- 
ingly, the viscosity or thickness ol the fracturing fluid is maintained at a place down within the well bore by using the 
"reserve* of boron attached to the alcohol, rather than increasing the viscosity or thickness of the fluid at the surface 
to a point where it is difficult to pump or can damage the fluid or well bore on the way down. 

It appears that the selection of the cis-hydroxyl alcohol and the amount to be used are important. In Walker (U.S. 

2$ 3,215,634) glycerol and othylcno glycol aro tho profcrrcd alcohols for this purpose, Tho general use of polyhydric 
alcohols as stabilizers for aqueous solutions of polysaccharides has been taught by Foster (U.S. 3.346.556). Sorbitol 
was one of the preferred stabilizers in this work. On the other hand, Freidman (U.S. 3,800,872) teaches that the addition 
of cis-hydroxyl alcohol containing compounds such as glycerol can result in formation of sufficient borate-glycerol 
complex lo destroy the crossltnked structure ot the fluid Please note that glycerol is one of the preferred stabilizers in 

30 Walker 

As the foregoing illustrates, borate-crosslinked potysaccharide-based fluids for hydraulic fracturing have been used 
in the industry tor more than 30 years. Having to deal with deeper wells has brought the temperature and pH sensitivity 
of such systems to the forefront as a problem needing to be addressed. Initial borate fluids were designed for use at 
temperatures below about 200°F. and developments concentrated on providing a fluid which was stable under the 

35 desired end use conditions. For example, the prior art discussed above for the most part was concerned with reservoir 
temperatures of about 150*F. See. e.g., Kern (concerned with fluid slability at about 150°F), Wyant (U.S. 3,079,332; 
about 150'F), and Walker (U.S. 3,215,634; maximum temperature tested was 141°F). Since then, fluid systems been 
improved to allow use at temperatures above 200° F. 

Dawson (U.S. 5,082.579; 5 145,590 (up to about 300°F.) 5,160,643), Sharif (U.S. 5,160,445; 5,310,489) and 

-w Harris (U.S. 5,372,732) teach the use of deliberately pre-tormed organo-boron complexes as delay agents for borate 
crosslinked pofysaccharide fluids for use above about 200 3 F. 

As earlier noted, Mondshme (U.S. 4,619,776) teaches the use of slowly soluble inorganic boron sources to control 
the rate of boron availability. Mondshine also teaches the use ot a combination of rapidly soluble boron source and 
slowly soluble boron source wherein the rapidly soluble boron source can provide some initial minimum viscosity with 

-*5 the slowly soluble boron source providing a "reserve" source of soluble boron to enhance the thermal stability ot such 
fracturing fluids ' This fluid was designed for use up to about 275* F 

All of the above methods ot controlling delay lime of borate crosslinked polysaccharide fluids tor hydraulic tracturing 
applications suffer from the limitation that changing the delay lime requires changes in the concentration of boron and/ 
or of the pH of the fluid. These are the two main lactors governing fluid stability. Therefore, changes in delay time 

so require significant modification in fluid composition in order to provide the same fluid stability As a result, tt is difficult 
and/or potentially job threatening to modify the delay time of borate fluids on location in general, let alone during the 
course of the actual treatment when such optimization may be desirable. Further, the preformed organo-boron com- 
ploxos and the fracturing fluids incorporating thorn aro very sensitivo and prcciso formulations. In such processes, it 
is therefore very important to perform comprehensive pre-job testing for successful tracturing. 

55 Progress has been made both in improving fluid stability which is important at all temperatures as well as in meth- 

odology to control the onset of crosslmking (delay time) so that the fluid would develop the right viscosity for successful 
utilization at the right time in the life of the fluid These aspects of fluid chemistry are interrelated As a result, existing 
methods of providing borate fluids for use above about 200°F typically compromise fluid viscosity and stability in order 
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to obtain desired delay time. 

A method is needed which allows control of delay time independent of control of involving the varying of pH and 
total boron concentration. We have developed a unique method of controlling the delay time of aqueous borate- 
crosslinked polysaccharide based fluids for hydraulic fracturing and related applications which allows on-the-fly control 
of fluid delay time without compromising overall fluid integrity. We have discovered a unique and simple way to provide 
this control. In a preferred embodiment, the fluid for hydraulic fracturing and related applications is prepared by com- 
bining three separate components: an aqueous solution of the hydrated polysaccharide, an aqueous solution of the 
boron source and the pH control agent, and an aqueous solution of a polyhydric alcohol which can form equilibrium 
concentrations of a boron complex. This discovery is surprising in light of the work of Friedman and of Deuel et al. (H. 
Deuel, H. Neukom, F. Weber, Nature, Jan. 17, 1948, p. 96-96) which teach that addition of polyhydric compounds, 
such as mannitol, fructose and glycerol which can form complexes with boron, to gels of boron and polysaccharides 
results in liquification, i.e., breaking of the gel and presumably, loss of their ability to transport proppant. It differs from 
the prior art of Dawson, Sharif and Harris in that a specific organo-boron complex is deliberately not pre-formed. Rather, 
each of the polysaccharide, boron-complex in g agent and the polyol is kept separate until they are combined on-the- 
fly at the job site. This provides an additional degree of freedom by separately controlling the polyol concentration to 
control or vary the delay time experienced by the fluid. The tnctton pressure during the job or samples of the as combined 
fluid can be used to monitor delay time. 

More particularly, there is provided a method for controlling the delayed borate-cross tin king of a poly saccha ride- 
based fracturing fluid. The method comprises; providing a hydrated polysaccharide; adding a pH control agent to render 
the Iracluring fluid alkaline adding a crosslinking agent, wherein the crosslinking agent is capable of releasing al leasl 
one borate ion per molecule thereof in the fracturing fluid having an alkaline pH, adding a delay agent at a first rate to 
the fracturing fluid to provide a first delay time, wherein the delay agent is capable of complexing with the borate ions 
in the fracturing fluid having the alkaline pH and wherein the crosslinking agent and the delay agent are added sepa- 
rately to the fracturing fluid; determining the first delay time; comparing the first delay time to a predetermined desired 
dolay timo; and if tho prodotorminod dosirod delay time is not substantially achiovod, then continuing to adjust tho 
delay agent adding etep'based upon the comparison to a different rate until the predetermined desired delay time is 
substantially achieved. 

Alternatively, the method comprises: providing a polysaccharide; adding a first portion of a delay additive to the 
polysaccharide hydrating the polysaccharide in the presence of the first portion forming a mixture of the hydrated 
polysaccharide and the first portion, adding a pH control agent to the mixture to render the fracturing fluid alkaline; 
adding a crosslinking agent to the mixture, wherein the crosslinking agent is capable of releasing at leasl one borate 
ion per molecule thereof in the fracturing fluid having an alkaline pH: determining a first delay time: comparing the first 
delay time to a predetermined desired delay time: and if the predetermined desired delay time is not substantially 
achieved, then adding a second portion of the delay agent at a first rate to the fracturing fluid to provide a second delay 
time and continuing to adjust the second portion adding step based upon the comparison to a different rate until the 
predetermined desired delay lime is substantially achieved, wherein the delay agent is capable of complexing with the 
borate ions in the fracturing fluid having the alkaline pH. 

Further in the alternative, the method comprises: providing a hydrated polysaccharide; adding a pH control agent 
to render the fracturing fluid alkaline; providing a pre-formed boron/delay agent complex in the fracturing fluid, wherein 
the complex is prepared by combining in a alkaline solution (l)a crosslinking agent, wherein the crosslinking agent is 
capable of releasing at least one borate ion per molecule thereof in an alkaline environment, for example, in the alkaline 
solution and in the fracturing fluid having an alkaline pH. and (2) a first portion of a delay agent, wherein the delay 
agent is capable of complexing with the borate ions in the alkaline environment, again, for example, in the alkaline 
solution and in Iractunng fluid having the alkaline pH: determining a first delay time: comparing the first delay time to 
a predetermined desired delay time, and if the predetermined desired delay time is not substantially achieved, then 
adding a second portion of the delay agent at a first rate to the fracturing fluid to provide a second delay time and 
conimuing to adjust the second portion adding step based upon the comparison to a different rale until the predeter- 
mined desired delay lime is substantially achieved. 

Figuie 1 is a giaph of delay time versus temperatuie using various amounts of sorbitol in a fracturing fluid. 

The present invention is a continuous mixed process for combining a gelling agent, a crosslinking agent capable 
of yielding borate ions in an alkaline solution, a pH control agent and a polyol having at least 2 hydroxyl groups on 
adjacent carbons tn a cis-orientation which is capable of complexing with borate ions in an alkaline solution. The method 
of the present invention controls tho dolay time of the crosslinking reaction between the gelling agent and the borate 
ions in an alkaline solution by controlling the amount of delay additive, i.e., the polyol The amount of delay additive is 
varied by monitoring the delay time as evidenced by, lor example, the friction pressure of the fracturing system and/ 
or the delay time as determined by obtaining a sample of the fracturing fluid and performing the "hang lip" test thereon. 
In order to increase the delay time or reduce the friction pressure, the rate of delay additive addition is increased 
Conversely, if the delay time is to be reduced and accordingly the friction pressure increased, the rate of delay additive 
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addition is decreased Accordingly, the concentration of boron and the pH of the fluid are determined prior to performing 
thn job typieally by performing comprehensive pre-job testing. These variables determine or dictate the stability of the 
fracturing fluid in a primary sense. The delay time can be adjusted or fine tuned in the field during the fracturing job 
without compromising the primary stability factors of the fracturing fluid. 

The gelling agent used in (his invention is a high molecular weight water-soluble polysaccharide which contains 
cis-hydroxyl groups, which can complex with crosslinking agents such as aluminum, titanium, zirconium, antimony, 
chromium and borate. The most useful polysaccharides for the practice of this invention have molecular weights in the 
range of about 200,000 to 3,000,000. Galactomannan gum as employed herein refers to those natural occurring 
polysaccharides derived from various endosperms of seeds. They are primarily composed of D-mannose and D-ga- 
Uc toso units. They generally have similar physical properties, such as being soluble in water to lorm thick highly viscous 
soJutons which usually can be gelled (cross-linked) by the addition of such inorganic salts as borax, Examples of some 
punts producing seeds containing galactomannan gums include Tara, Huizache, locust bean, Pola verde, Flame tree, 
gurff bean plant. Honey locust, Lucerne, Kentucky coffee bean, Japanese pagoda tree, Indigo, Jenna, Rattlehox, Clo- 
ver Fonergruk seeds and Soy bean hulls. The gum is provided in a convenient particulate form generally smaller than 
whwt will be retained on a No. 20 mesh sieve (U.S. Standard Sieve Series) but larger than that which passes through 
n No 200 mesh sieve. Of these polysaccharides, guar and its derivatives are preferred. Specifically, these include 
gun* gum locust bean gum, karaya gum, carboxymethylguar, hydroxyethylguar, carboxymethylhydroxyethylguar. hy- 
ctfoxypropylguar (HPG), carboxymethylhydroxypropylguar, and combinations thereof. Guar is a branched copolymer 
composed of a mannose backbone with galactose branches. 

Tho polysaccharides are generally provided to a blender in solid, powder torm, or more typically, suspended in a 
ti) jVucrtfbon such as diesel or kerosene. When added to a neutral or acidic aqueous solution, the polysaccharides, e. 
q tj*Lictomannan gum, hydrate to torm a gel. Hydration ol the polysaccharides e.g., guar and HPG, will only take 
puce under neutral or acidic conditions, that is, at a pH of about 7 or less. Under these pH conditions, no crosslinking 
oi the polysaccharides will occur with borate ion. In order to effect borate crosslinking of guar and HPG, the pH must 
be t.uzcd to a! least 8.5, proforably at loast 9.5. This raising of the pH requirement has boon oxploitod in tho prior art 
to ©hoci a delay in the crosslinking of polysaccharides by borate ion. 

Since such polysaccharides, e.g. guar and HPG disperse readily at high pH, the water pH is preferably raised, for 
oi,*T>pio with a buffer during blending of the polymer powder and then the pH should be lowered to slightly acidic to 
m .ipii/o gelation and achieve higher base viscosity This method significantly reduces the formation of "fish eyes" 
*nci produces a higher quality base gel The gel mixing process can be simplified by using a slurried polymer, i.e., 
po*yv*ccharides, (slurried in diesel, kerosene or any other non-solvent) instead of the polymer powder. 

The crosslinking agent utilized in the present invention must be capable of yielding borate ions in an alkaline 
v^uton Sparingly soluble borates such as alkaline earth metal borates, alkali metal alkaline earth metal borates, and 
cc*nt>rv*iions thereof are examples of suitable borate sources. Exemplary minerals which are representative of these 
brortd cesses of compounds are as follows: 



Proberlite 


j NaCaB 5 O g *5H 2 0 


Utexite 


j BaCaB s O e *8H 2 0 


Nobleite 


j CaBsO^MHsO 


Gowerite 


| CaB 6 O l0 •SHgO 


Frolovite 


; CajB^Oe -7H 2 0 


Colemanite 


1 Ca^On *5H 2 0 


Meyerhotterite 


; Ca 2 B e O n *7H 2 0 


Inyoite 


! Ca^BeOn »1 3H 2 0 


Priceile 


| Ca4B 10 O l9 -7H 2 O 


Tertschite 


I Ca4B, 0 O 19 «20H 2 O 


Ginorite 


! Ca 2 B,4023*8H 2 0 


Pinnoile 


j MgB 2 0 4 »3H 2 0 


Paternoite 


I MgB 8 0 13 »4H 2 0 


Kurnakovite 




Indents 


j MggBgO^ •15H 2 0 


Preobazhenskite 


j Mg 3 B, 0 O ia *4K/H2O 


Hydroboracite 


I CaMgB 6 O n -6H 2 0 


Inderborite 


I CaMgBeO, , *11H 2 0 


Kaliborite (Heintzite) 


j KMgsBnO^^HgO 
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(continued) 



Veatchite 



| SrB 6 O l0 «2H 2 O 



The most preferred borate sources are those that yield the highest concentration of borate ions in solution and are 
rapidly soluble in a solution of hydrated polysaccharide, e.g. alkali metal borates. Exemplary compounds which fulfill 
these requirements are borax, sodium tetraborate and boric acid. Another useful borate source is Polybor, a product 
of U.S. Borax Company, which comprises a proprietary composition comprising boric acid and dimers and trimers of 
borate ions. Further, various combinations of these borate sources may be used. 

A pH control agent should be employed to maintain the pH of the fracturing fluid at a value of at least about 8.5, 
preferably at least about 9.5. and more preferably between about 9.5 and 12. A hydroxyl ion releasing material and/ 
or preferably a buffering agent can be employed. 

The hydroxyl ion releasing agent may be any soluble or partially soluble hydroxide or carbonate that provides the 
desirable pH value in the fracturing fluid to promote borate ton formation and crosslinking with the polysaccharide and 
polyol. The alkali metal hydroxides, e g. . sodium hydroxide, and carbonates are preferred. Other acceptable materials 
are Ca(OH) 2 , Mg(OH) 2 . Bi{OH) 3 . Co(OH) 2 , Pb(OH) 2 . Ni(OH) 2 , Ba(OH) 2 and Sr{OH) 2 . At temperatures above about 
175°F.. potassium fluoride (KF) is used to prevent the precipitation of MgO when Mg(OH) 0 is used as a base. i.e. 
hydroxyl ion releasing agent. The amount of the hydroxyl ion source to provide is that which"is sufficient to yield a pH 
value in fracturing fluid of ai least 8.5 preferably at least about 9.5. and more preferably between about 9.5 and about 1 2. 

A buffering agenl is pielerably employed in the practice of Ihe present invention, to buffer the fracturing fluid, i.e., 
moderate amounts of either a strong base or acid may be added without causing any large change in pH value of the 
fracturing fluid. The buffering agent may be a combination of a weak acid and a salt of the weak acid; an acid salt with 
a normal salt: or two acid salts. Examples of suitable buffering agents which may be employed to provide a fracturing 
fluid having the desired pH value are NaH 2 PCyNa 2 HP0 4 : sodium carbonate -sodium bicarbonate; and sodium bicar- 
bonate or othor like agonls, By employing a bufforing agont instoad of morofy a hydroxyl ion producing matorial, a 
fracturing fluid is provided which is more stable to a wide variance of pH values found in local water supplies and to 
the influence of acidic materials located in formations and the like. The pH control agent may be varied between about 
0.6 percent and about 40 percent by weight of the polysaccharide employed. 

As noted above a variety ol boron salts and compounds can be used to crosslink galactomannan based fracturing 
fluids, but the monoborate ion formed from these materials is the species that causes gelation. The monoborate ion 
is the primary conjugate base of boric acid (Eq. 1) at concentrations less than 0.30% (wt) or 0.048 M. 



The dissociation constant, pK a , of the reaction shown in Eq. 1 is 9.0-9.2, indicating that the monoborate ion is favored 
in alkaline solutions. 

In aqueous solution, boric acid forms an adduct with one water molecule. The central boron atom is surrounded 
by four oxygen atoms. The same tetrahedral configuration is also true for borate esters. Both 1 ;1 and 2:1 complexes 
of borate ion are formed at high pH. Consequently, borate esters of diols (Eqs. 2 and 3) are found in the region where 
pH>pK a (boric acid). 



Ka 



B(OH) 3 + OH 



B(OH) 4 " 



Eq.l 




OH 




OH 



B(OH>; + 



+ 2H 2 0 



(Eq.2) 



OH 



OH 



/ 

\ 



OH 




B(OH); + 



2R, 



3) 



OH 
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In the hydraled polysaccharide systems, R of Eqs. 2 and 3 denotes, for example, the mannose backbone of the 
guar polymer Production of a good borate crosslinked gel fluid at a given temperature involves the combination of a 
polymer having a specific number of crosslink sites with the proper number of crosslinking ions in solution to build a 
network structure. 

At a pH of at least 8.5, particularly at a pH of at least 9.5, crosslinking is instantaneous when borate is added to a 
hydrated guar fluid. To delay the crosslink in high-pH fluids, the method of the present invention incorporates a poly- 
hydric alcohol, or polyol, which like guar contains cis-hydroxyls. Therefore, a complex with monoborate ton similar to 
Eq. 3 can be formed. For example, up to 275°F., the addition of 15 to 40 IbVMgal. sodium gluconate can provide up 
to 6 minutes crosslink delay with sufficient fluid stability (usually >500 cp. apparent viscosity for a period up to 3 hours). 
Experimentation at temperatures higher than 275 6 F. has shown that it is possible to obtain sufficient crosslink delay 
with sodium gluconate. However, the viscosity of the fluid deteriorates rapidly. 

A compilation of the equilibrium data for various polyols is given in Table 1 . Up to four constants were found in the 
literature. The constants k, and k 2 correspond to Eqs. 2 and 3, respectively. For the same equilibria written as involving 
boric acid, it follows that the respective equilibrium constants k^ and k' 2 are: 

k , 1 =k a k 1 and k' 2 =k 6 k 2 

With the exception of gluconic acid and guar, the constants for the ligands were taken from data compiled Irdm various 
sources by Sanderson, and Martell and Smith. Consequently, the mathematical relationships between them as shown 
above are not always coherent. (See Q.R. Sanderson, "Coordination Compounds of Boric Acid..* A Comprehensive 
Treatise on Inorganic and Theoretical Chemistry, J.W. Mellor, ed., Section A18, Longmans, London, pages 721-64 
(1974), and A. E. Martell and R. M. Smith. Critical Stability Constants, Plenum Press, New York (1974)). The constants 
for gluconic acid and guar were measured experimentally using high-resolution boron NMR. Note that the l^ for guar 
is loss than the k, and kg for gluconate. This implios that, from a puroly thermodynamic point of viow, gluconato should 
not release boron to the.guar. However, the eventual viscosification of the fluid shows that boron must be released to 
some extent. 

The most relevant constant in terms of the crosslinking reaction is kg, However, ^ may have an impact on the 
crosslink delay and fluid stabilization. It is very important to note that the constants reported in Table 1 are quoted at 
25°C , and one cannot assume that the same relationships between the ligands would exist at 300°F. 



TABLE 1 



Equilibrium Constants for the Formation of Boric Acid Complexes from Various Polyots at 2S C C. 


Ligand 






*i 


k 2 


arabinose 








1.45X 10 4 


D-fructose 


3.75 x 10- 6 


8.67 x 10- 5 


0.00 x10 3 


1.24 x 10 s 


D-galactose 


1.64 x 10- 7 


1.94 X 10*7 


1.75X10 2 


4.28 x 10 2 


D-glucose 


1.87 x 10' 7 


5.74 X 10- 7 


1.50 x 10 2 


7.60 X 10^ 


D-mannitol 


1.00 x 10" 4 


1.29 x 10-5 


5,60 x 10 s 


2.75 x 106 


D-mannose 






1.02 x 10 2 


4.5BX 10 2 


L-rhamnosc 








4.09 x 10 2 


D-ribose 








1.57 x 10? 


D-sorbitol 








4.44 X 10 s 


xylose 








1.58 x 10 4 


gluconic acid 






3.77X10 2 


3.70 x 10 4 


guar 








1.26 x 10 4 



As used in this specification, the terms "poryhydric alcohols" or "polyols" will be understood to mean an organic 
compound having adjacent hydroxyl groups in a cisorientation, i.e., cis-hydroxyls. Thus, the polyol may comprise such 
materials as saccharides, including monosaccharides, oligosaccharides having a molocular weight up to about 2,000, 
and polysaccharides including natural and synthetic gums. Also included in the term "polyols" are the acid, acid salt, 
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ester, hydrogenation and amine derivatives of the polyol so long as the polyol has and continues to have at least one 
set of cis-hydroxyl groups. For example, glucose is a monosaccharide. Monosaccharides are any of several simple 
sugars having the formula C6H1 206. Gluconic acid is the acid derivative of glucose. A gluconate, for example sodium 
gluconate, is the acid salt of gluconic acid. Accordingly, a gluconate is the acid salt derivative of a saccharide. Mannitol 

5 and sorbitol are both hexahydric alcohols with one hydroxy I group per carbon atom. Mannitol is derived by hydrogen - 
ating glucose, i.e., by hydrogenating the -CH=0 group of glucose to the -CH2-OH of mannitol. Sorbitol has the same 
number of carbons, hydrogens and oxygens as mannitol. One of the -OH's is arranged in the opposite direction from 
that of mannitol. Sorbitol is derived by pressure hydrogenation of dextrose (another name for glucose) with nickel 
catalysts. Accordingly, mannitol and sorbitol are both hydrogenation derivatives of glucose which is a monosaccharide 

io or, generically, a saccharide. 

Suitable polyols are those that provide adequate delay time and stabilize the fracturing fluid at the end use con- 
ditions of the tracturing process. Suitable polyols are preferably those that have an equilibrium constant {Keq=k2 at 
25°C.) of at least 103, preferably at least 104. Examples of such suitable polyols include fructose, sorbitol, gluconic 
acid and salts thereof, e.g., sodium gluconate, glucoheptonic acid and salts thereof, e.g., sodium glucoheptonate, 

'5 mannitol. ribose, arabinose, and xylose. Polyols which have been demonstrated not to be suitable in the method of 
the present invention include glucose, ethylene glycol, glycerol, mannose, and rhamnose. Each of these materials 
have a Keq less than 103. One polyol which is not as preterable is galactose. Though this material has a Keq on the 
order of 102. it appears to have some utility in the present method. This may be due to the fact that galactose has two 
sets of cis-hydroxyl groups. The monosaccharides demonstrated to be useful in the present invention have at least 6 

20 carbon atoms. 

The method of the present invention is preferably used in situations where the reservoir temperature ranges from 
about 175°F. to about 350° F., though it may be used for any temperatures below 175°F. also. 

A degradation agent is optionally employed to predictably degrade the set gel, i.e., borate-crosslinked polysac- 
charide, after a predetermined period of time. The degradation agents are generally either enzymes or oxidizing agents. 
Tho specific degradation agont omployod will dopond on tho tomporaturo to which tho sot gol is subjoctod. At tompcr- 
atures ranging from about 125° to 200° F., an inorganic breaker or oxidizing agent, e.g., KBr03, and other similar 
materials, e.g., KCI03, KI03, peroxides, perborates, persulfates, permanganates (for example ammonium persulfate, 
sodium persulfate, and potassium persulfate) and the like, are used to control degradation of the gel structure of the 
set gel At temperatures ranging from about 60° to 140°F., an enzyme may be employed. Enzymes suitable for this 

30 purpose are those which catalyze the hydrolysis of the glycosidic bonds between the monomer units of the polysac- 
charide. The selection of a suitable enzyme for a particular polysaccharide, e.g.. galactomannan, gum can be deter- 
mined from references well known in the art, see (or example Smith and Montgomery, The Chemistry of Plant Gums. 
Monograph Series. No. 141, 1959. pp. 151-156. The amount ol enzyme employed in any particular gel solution as 
defined herein will depend on the amount of galactomannan gum present, and also upon the temperature and pH to 

35 which the set gel is to be subjected. Generally, about 0.01 to 2.0 percent by weight of enzyme of the weight of gum 
employed is satisfactory. At about 200° F. and above, typical breakers include sodium bromate. it is noted, however, 
that formation or connate water usually has a pH ranging from 6 to 8 which helps break the crosslink junctions, thus 
aiding in fracturing fluid recovery. Further, temperatures ol 200°F. and higher assist in thermally degrading the gelling 
agent. 

40 Fluid-loss control agents are optionally employed in the practice of the invention. The preferred material is silica 
flour (particles having an average size of about 1 to 10 microns). However, any substantially inert organic or inorganic 
pulverulent material (including starches and the like) or combinations thereof may be employed as the fluid-loss control 
additive 

The tracturing fluids ol this invention may also contain surfactants, propping agents, clay control chemicals, con- 
■** centra lions of sails which are compatible with the gelling agent, and oxygen scavengers. 

In a preferred embodiment of the present invention, the process begins with the preparation of a hydrated guar 
solution in a lank. Water is added to a diesei slurry of guar in the lank, and the guar is allowed to hydrate in the tank 
tot a penod of lout to seven minules. The pH ol Ihe hydrated guar solution is aboul 7 (close to neutral) to permit the 
guar to hydrate properly without introducing a significant amount of insoluble material into the guar solution. 
£0 At least two other storage tanks, each having a separate metering pump, contain (1 ) an aqueous solution containing 

a borate cross-linking agent and a pH control agent and (2) an aqueous solution ol the polyol, e.g. sorbitol. 

The borate/pH solution typically is an aqueous solution formed by combining boric acid with sodium hydroxide and 
a carbonate buffer in an aqueous solution. Tho boric acid converts to a borate salt in the solution. Although readily 
soluble in water, boric acid has a relatively poor cross-linking capability when compared wilh soluble borate salts. The 
ss relative cross-linking rates between boric acid and sodium borate (borax, Na 2 |B 4 0 5 (OH) 4 ].8H 2 0) differ by more than 
four orders of magnitude (i.e., sodium borate is more than 10.000 times more active than boric acid for this purpose). 
See B.R. Sanderson, supra. 

Each of the two also can be varied independently over time during the fracturing operation. 
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The hydrated guar solution is introduced into a pipe, tor example, having an eight inch diameter. The pipe also 
has a series of separate, but relatively closely spaced, inlets for each ol the borate/pH control and polyol solutions. 
The pipe in combination with these inlets serves as a manifold for combining the hydrated guar solution with each of 
the two additive solutions. Each of the two additive solutions is injected directly into the guar solution; neither ot the 
additives contacts any other additive before being combined with the guar solution. However, the relatively close spac- 
ing of the inlets results in a mixing of all of the additives with the guar solution quickly after being introduced into the 
guar solution to form a combined solution. 

The combined solution, which now constitutes the fracturing fluid, is then pumped to a second truck, in which 
proppant material is added. After the addition of the proppant material, the fracturing fluid is pumped into the well. 

Well temperature generally increases with depth. Thus, as the fracturing fluid is pumped into the well and travels 
down the wellbore to the subsurlace formation to be fractured, it is heated by the increasing temperature gradient in 
the well Heating of the fracturing fluid has the effect of reducing its effective pH, Generally, the target pH for the 
fracturing fluid as it is entering the subsurlace formation is in the range ot about pH = 9.5 ± 0.5. To achieve this bottom 
hole target pH, the fracturing fluid (lor use about 200°F) typically will have a pH in the range of about pH = 12 ± t at 
the surface when it is pumped into the well, depending on the surface temperature, the bottom hole temperature, and 
ihe desired bottom hole pH 

In the present process, the relative concentrations of the boron and the hydroxide (used to control pH) are deter- 
mined in advance based on the bottom hole temperature and the projected length of time of the fracturing job (higher 
bottom bole temperature may require a higher concentration of hydroxide, and a longer projected fracturing job time 
may require a higher concentration ol boron). 

The polyol is added to the fracturing fluid for two purposes; (t ) stabilizing the viscosity of the fracturing fluid against 
decay over lime, and (2) retarding of the cross-linking of the guar polymer. 

It is contemplated within the scope of this invention that each of the crosslinking agent, pH control agent and delay 
additive be added separately to the fracturing fluid on-the-fly. In an alternate embodiment, the delay additive may be 
added in two ways. { 1 ) the first portion being added to the polysaccharide at or before tho hydration of tho polysaccharide 
with (2) a second portion metered into the fracturing fluid on-the-fly to fine tune the delay time in an increasing manner. 

In the method of the present invention, the only limitation to the sequence of addition of the various components 
of the fracturing fluid is that the complexing agent be added to the polysaccharide after it has been hydrated. Further, 
the delay additive is preferably added at such a time to avoid the possibility of overcrosslinking the hydrated polysac- 
charide upon addition of the crosslinking agent thereto 

In another alternate embodiment, a complex of the boron and polyol may be pre-formed and added to the Iracturing 
fluid to attain a minimum delay lime with tine tuning of the delay time available by the separate addition of additional 
polyol to achieve greater delay times than the minimum achieved by incorporating the pre-formed boron/polyol complex. 
For example, ihe polyols suitable in Ihe present invention may be used to pre-form the boron/polyol complex by prior 
mixing or combination thereof with the complexing agent useful herein under alkaline conditions. See, for example, U. 
S. Application Serial No. 08/314,119 filed May 31 , 1994 of Brian R. Ainley, et al„ entitled "Delayed Borate Crosslinked 
Fracturing Fluid, * which is hereby incorporated by reference. The method of the present invention would also be suitable 
to fine tune by increasing the delay time in a fracturing fluid utilizing the delay crosslinking agents disclosed in U.S. 
5.372,732 to Harris et al. 

Stabilization of the fracturing fluid is desirable because of the length of time which a well Iracturing job may take, 
which can vary from about half an hour to eight hours or more. Typically, it is desirable for the fluid entering the sub- 
surface formation to have a fairly constant viscosity during the entire lime the fluid is being pumped into the formation 
to fracture ihe formation However, wilhoul the addition of a stabilizer, i.e., the polyol. the viscosity of the fracturing 
fluid ordinarily would decay (decrease) over time. Generally, it is not desirable tor the viscosity of the fracturing fluid to 
decrease until after the fracturing operation has been completed. 

A large number of organic compounds are able lo form complexes with boron Ol these, mono, -di- and poly- 
hydroxyi compounds have received the most study Lists of potentially useable materials are found in Steinberg and 
Hunter (Industrial and Engineering Chemistry. Vol. 49 |Feb. 1957] p. 174-1 61 ) and Ft. B. Sanderson (supra). Howeve/, 
as shown by the following examples, very few of these materials can provide the combination of delay time and fluid 
stability required for hydraulic fracturing applications. As noted earlier, the primary stability factors of the Iracturing fluid 
are the concentration of boron and the pH ot the fluid. In regard to the polyol, suitable polyols perform a secondary 
fluid stability function, ie„ to mainiatn Ihe fluid's slability or at least minimize the rate of stability degradation during 
tho fracturing process. 

The examples below are based on water-based fluids. The method of tho present invention also can be used with 
aqueous fluids containing a water-soluble alcohol having 1 to 3 carbon atoms, e.g., methanol and ethanol, as cosol- 
vents. 

When sea water is used to makeup the fracturing fluid, i e when the base fluid in which the polysaccharides, e. 
g., guar, is dispersed and hydrated is sea water, the solution comprising the boron -containing compound and the pH 
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control agent or no pH conirol agent alone, of necessity includes a significantly larger amount of pH control agent in 
order to raise ihr pi- m wnler at the elevated temperatures As noted earlier, any common base such as an alkali 
metal or ammonium h ycf oi idc or an alkaline earth melal hydroxide may be used as the pH control agent lo adjust the pH. 

EXAMPLES 
Example 1. 

A base Irdcturinq n u <i comprising 40 pounds ol guar per one thousand gallons of fracturing fluid was prepared 
and was allowed to hycft^ic The Iracturing fluid contained minor amounts of conventional fracturing fluid additives 
such as a surVtOtit .L^uy * oroprietary blend of nonionic surfactants), biocide (typically alkylhyroxyethyl benzyl 
ammonium chiofo^. -tfxj „n rt ntitoam agent {typicalfy a polyether polyol). In this example, triethanolamine iron control 
agent and soOum t^iuU-no *niioxidant were also present. To this solution was added 5 pounds of boric acid and 20 
pounds ot scOum r>y;vctO: por one thousand gallons of fluid. The fluid pH was 12.2 at 22*C. The fluid was mixed in 
a Waring b enje< witu v>k-i closure was observed Delay time was then determined by the hang lip method. Delay 
time whs len stx iixs 

This e*rtmpt«- pr m ir*e control study withoui delay agents. 

Example* 2-31 

ExrtmpKji r : i iuii nod in the mannor of Example 1 with the exception that poryols were added and tested 

for suitrtbdry i>-i, y , , ,,t. T rt ble 2). The pH in those examples was usually above 12 because these fluids 
wore to be cv^wco t. . > *>u nt lomperatures above 275*F. Examples 2-10 illustrate that well-known chelants for 
boron *irc roi .* , ,i ( r>c-.c concentrations lor this application. In many cases, these materials destabilize the 

rcsullmq li,, O; :.•!•< fh C pnorart Examples 11 21 domonstrato that somo, but not all sugars or monosac- 

charide* c.»n tA< -tjents These agents typically have a Ke q greater than about 10 3 . These examples 

demonstrate * im- od^y time toiho concentration of the polyol at relatively low levels of the polyol. even 

Hi roL-itfve*> ( »« 



TABLE 2 



exam rut 


FULttM. 


POLYOL: 


Boric Add/ 


PH 


DELAY 




NUMBFJt 




Bonn (mole 


Sodium 


TIME 








ratio; i:l> 


Hydroxide 




(mln.:icc.) 










QbJMgiA.) 








1 






5/20 


12.2 


0:10 
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5 


EXAMPLE 
NUMBER 


POLYOL 


POLYOL: 
Boron (mote 
redo; x;l) 


Boric Add/ 
Sodium 
Hydroxide 
(IWMftal.) 


PH 


DELAY 
TIME 

(min.:s*c.) 






2. 


Ethylene glycol 


2 


5/20 


12.5 


0:10 


10 1 


■ i/i 


3. 


Glycerol 


2 


5/20 


12.5 


0:10 


to 1 


fw 


4. 


Citric Acid 


2 


5/20 ' 


7.7 


0:00 






5. 


Tartaric Acid 


2 


5/20 


U.3 


0:18 




IS 


6* 


Ethylenediamine tetraacetate 


2 


5/20 


12.3 


0.15 






1* 


Hexaethylenediamine 
tetraacetate 


2 


5/20 


9.1 


0:00 




20 


8.* 


1 -Hydraxyethylidcne- 1,1- 
diphosphate acid 


2 


5/20 


9.3 


0.10 






9* 


Hexamediylenediam i nc -tetra 
(methylenephosphonic acid) 


2 


5/20 


12.3 


0:15 




25 


10.' 


Diethylenetriaminepenta 
(methylenephosphonic acid) 


2 


5/20 


12.3 


0:10 






II. 


Glucose 


1 


5/20 


12.1 


0:20 


10 a 


30 


12. 


Glucose 


2 


5/20 


12.4 


0:30 


10 1 




13. 


Sodium Gluconate 


1 


srco 


12.3 


1:12 






14. 


Sodium Gluconate 


2 


5/20 


12.5 


15:50 




3$ 


15, 


Fructose 


1 


5/20 


12.4 


1:00 


10 s 




16. 


Fructose 


2 


5/20 


12.1 


2:10 


I0 3 


40 


17. 


Fructose 


4 


5/20 


12 


39:00 


10 5 




18. 


Sorbitol 


1 


5/20 


12.2 


1:10 


10 s 




19. 


Sorbitol 


2 


5/20 


13.4 


57:00 


10 5 


4$ 


20. 


Glucuheptonic acid 


2 


5/20 


12.2 


2:30 






21. 


Glucoheptonic acid 


4 


5/20 


12.2 


>60 





so 

■ These materials axe not polyols, but arc other types of chelating agents. 

**Order of magnitude only. See B. R. Sanderson, "Coordination Compounds of Boric Acid." Mellor's 
55 Comprehensive Inorganic Chemisirv . p. 725 (Table I. k 2 ) and p. 727 (Table II. k 3 ), Ca. 1975. 
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Examples 22.34 : 

Examples 22-34 provide evaluation of a number ol polyols as delay agents (or fluids prepared in the manner of 
Example 2 with the exceplion that the guar concentration was increased to 50 pounds per one thousand gallons of 

s fluid (see Table 3). These examples include a broader variety of polysaccharides. Examples 29-31 show that mannose 
and glucose, all of which have K cq in the range of 10 2 , are not effective delay agents at these concentrations. Though 
galactose (Example 30) has a in the range of 10 2 , it is marginally effective as a delay agent at this concentration. 
This may be because galactose has two sets of cis-hydroxyl groups. Examples 22-28 and 32-34 show that fructose, 
sorbitol, glucoheptonic acid and mannitol. which have above 10 3 , are effective at these concentrations. Examples 

w 23-28 demonstrate that doubling the boron level has a strong effect on delay time but that doubling the amount of 
sodium hydroxide does not produce as significant a change. 



TABLE 3 



15 



2S 



30 



Example 


POLYOL 


POLYOL: Boron 
(mole ratio; x:1) 


Boric Acid/ 
Sodium 
Hydroxide (lb./ 
MgaL) 


PH 


DELAY TIME 

(mln.:sec.) 


K eq 


22. 


Fructose 


3 


10/22 


12.1 


13:30 


10 s 


23. 


Sorbitol 


2 


5/20 


12.2 


17:00 


10 s 


24. 


Sorbitol 


2 


10/20 




0 


105 


25. 


Glucoheptonic 
acid 


4 


5/10 


12.2 


41:24 




26. 


Glucoheptonic 
acid 


2 


10/10 


12.3 


<1:00 




27. 


Glucoheptonic 
acid 


4 


10/10 




>60 




28. 


Glucoheptonic 
acid 


2.5 


10/20 




3:40 




29. 


Mannose 


3 


10/20 


12.3 


<0:30 


102 


30 


Galactose 


3 


10/20 


125 


2:05 


102 


31. 


Glucose 


3 


10/20 


12.9 


0:20 


102 


32. 


Mannitol 


3 


10/20 




>60 


105 


33. 


Mannitol 


2 


10/20 




5:00 


105 


34. 


Mannitol 


1 


10/20 




0:20 


10& 



Examples 35-62: 



Examples 35-62 were performed in the manner ol Example 22 with the exception that sodium gluconate was 
45 present in addition to a second poiyol {see Table 4) These examples illustrate that a mixture of polyols can be used 
in this applcatton Examples 35 and 36 are repeat runs with sodium gluconate and no other poiyol as a control. Under 
these conditions, sodium gluconate alone is not a viable delay additive, but these conditions were meant for fluids for 
use above about 300° F Example 52 illustrates that rhamnose (K^ ca. 10 2 ) is not as effective as sorbitol at this con- 
centration. Examples 53-55 demonstrate that ribose can be used in this application. Hibose has a K„ on the order ol 
so 10 7 ^ 



55 



13 



EP0 805 260 A2 
TABLE 4 



s 


EXAMPLE 
NUMBER 


Sf.COND 
MILYOL 


POLYOL: 
Boron (mote 
ratio; x:l> 


Boric Add/ 
Sodium 
Hydroxide 
ObTMeal.) 


Sodium 

Gluconate 

(lb/Mg*l.) 


P H 


DELAY 

TIME 

(miihisec) 




35. 


None 




12.5/25 


40 




0:20 


w 


36. 


N,*>f 




12.5/25 


40 




0:20 




37. 




1.7 


12.5/25 


40 




11:00 


IS 


38. 


Fn* H*r 


2 


12.5/25 


20 


13 


10:10 




39 


Fm.t»n« 


3,8 


10/25 


30 


12.4 


53:45 




40 




2.5 


IW25 


30 


12.6 


11:15 


20 


41. 




0.25 


12.5/25 


40 


— — 


0:20 




42. 




05 


12.5/25 


40 


— — 


0:30 


2S 


43 




I 


12.5/25 


40 


12.4 


5.30 


44 




0.5 


12.5/25 


20 




0:30 




45 




1 


12.5/25 


20 




<l:30 


30 


46 




0.5 


10/25 


20 


J 2.9 


0:30 




47 


V*Kfc4 


1 


10/25 


20 


12.9 


4:30 




48 


f^fct^fftuwc tod 


2.5 


10/20 


20 


11.8 


>60 


35 


49. 




1.25 


1(V20 


20 


12.7 


1:30 




JU 


ril» i*w|%«mc actd 


1.25 


12.5/25 


20 


12.7 


0:25 


40 


51 




1.25 


12.5/25 


30 


12.8 


1:40 




52 




3 


12.5/25 


20 


12.3 


0:45 




53 




3 


12.5/25 


20 


12.3 


90 


46 


54 




•> 


12.5/25 


20 


12.5 


6 




55 


■ t**# 


1 


12.5/25 


20 


12.2 


0:15 


SO 


5ft 




3 


12.5/25 


20 




>60 
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EXAMPLE 
NUMBFR 


SECOND 

fWL I Ul^ 


POLYOL: 
ratio;!: I) 


Boric Add/ 
Sod hi in 
Hydroxide 
(IbJMxal.) 


Sodium 

iiiuconsic 

(Ib7Mg«L) 


pH 


DELAY 

TIME 

(mfn-isec.) 


5T 


Mannitol 


2 


12.5/25 


20 


12.8 


28 


SR 


Mannitol 


1 


12.5/25 


20 


12.8 


2 


S9 


Mannitol 


1 


12.5/25 


30 


12.9 


4:40 


M> 


Mannitol 


1 


12.5/25 


40 


12.9 


5 


6*. 


Mannitol 


1.2 


10/25 


20 


12.9 


6:10 


62 


Manniinl 


!.2 


10/25 


30 


!3.2 


1 1 



g tumples 63*67: 

To rt guar solution as described in Example 1 but containing 35 pounds of guar per one thousand gallons was 
/*wod (l) a solution containing 5.5 pounds boric acid, 13 pounds sodium hydroxide, plus 8 pounds sodiumsesquicar- 
b^.iic per one thousand gallons and (2) various amounts of glyoxal or sorbitol. The solution was blended as in the 
c.vc ol Example 1 and tho dolay timo dotorminod. Tho data aro prosontod in Table 5. 



TABLE 5 



Cumple 
Number 


Delay agent/ 
Amount 


pH 


Delay Time (min.: 
sec.) 


Observations on get 


63 


15 Ib./Mgal. glyoxal 


12.1 


:20 


Over-crossl inked, chunky gel after 
60 min. 


64 


30 Ib./Mgal. glyoxal 


11.8 


:50 


Over-crosslinked. chunky gel after 
60 min. 


65 


36 Ib./Mgal. glyoxal 


11.7 


1:05 


Over-crosslinked, chunky gel after 
60 min. 


66 


15lb./Mgal. sorbitol 


12.4 


2:00 


Smooth gel for more than 24 hr. 


67 


18 Ib./Mgal. sorbitol 


12.3 


4:30 


Smooth gel for more than 24 hr. 



Thcoc cxamplos demonstrate that glyoxal cannot bo used in placo of sorbitol in this procoss to obtain cithor an 
.«« oouolo delay time or a stable fluid. Cooking of the glyoxal-boron solution to yield a pre-formed borate/glyoxal 
c-crm,ioa as taught by Dawson appears to be essential to the successful use ol this material as an acceptable delay 

**** 



f t«mp*e 68: 

n the manner of Example 65. delay time was measured for a 40 Ib./Mgal. guar fluid as a function of sorbitol level 
■vm *.itcsr temperature. The data are presented in Figure 1. This data illustrates the ease with which one can change 
t'..: nuid delay time at any reasonable fluid temperature by adjusting the concentration of sorbitol added to the fluid. 
"» r. KJiusiment can be carried out on location as the job is being executed to optimize the delay as appropriate for 
t*- n;<>cfvoir and fluid conditions. 

C mmples 69-73: 

Those examples were prepared in the manner of Example 65. The data is presented in Table 6. As seen from the 
*» column, these formulations provide fluids with sufficient viscosity for hydraulic fracturing applications (current 
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industry accepted standard is a viscosity of at bast 100 cp. at 100 sec." 1 ) even after at least 4 hours at the end use 
temperatures ranging from 200 to 300*F. In these fluids, pH was set at 1 2.3 +/- 0.3 by use of sodium hydroxide and 
sodium sesquicarbonate buffer which is present at 8 pounds per one thousand gallons. Sodium thiosulfate antioxidant 
is also present at ten pounds per one thousand gallons. 



TABLE 6 



Example 
Number 


Guar (lb,/ 
Mgal.) 


Boric Acid/ 
NaOH (lb./ 
Mgal.) 


Sorbitol (IbV 
Mgal.) 


Delay time 
(mln.:sec.) 


Temperature 
(°F.) 


Viscosity 
after 4 hrs. 
(cp.) 


69. 


25 


5.5/10 


10 


2:30 


200 


350 


70. 


30 


5.5/13 


15 


3 


225 


300 


71. 


35 


6.3/14.5 


17.5 


4 


250 


225 


72. 


40 


6.6/16.5 


20 


2:30 


275 


350 


73. 


45 


8.0/19.4 


25 


2:10 


300 


400 



Example 74: 

Example 74 illustrates an experiment using this process with conventional hydraulic fracturing equipment. A hy- 
draulic fracturing treatment was performed using 30-35 pounds of guar per one thousand gallons of fluid. In this treat- 
ment, hydrated guar was provided as the major fluid stream. To this stream were added two separate solutions one 
solution contained sodium hydroxide and boric acid; the second solution contained an aqueous solution containing 
about four pounds of sodium gluconate per gallon of water. These two streams were metered separately on-the-fly 
into the fracturing fluid. The borate stream was added at sufficient rate to provide five pounds of boric acid and 12.5 
pounds of sodium hydroxide per one thousand gallons of final fluid. The addition rate of the sodium gluconate was 
varied. The well was fractured down eleven thousand feet of 2-7/8 inch tubing. The reservoir temperature was 245°F. 
Pump rate was 18 barrels per minute. 

The experiment was initiated using a fluid containing 35 pounds of guar per one thousand gallons of fluid without 
any borate crosslinking agent or delay additive. The treating pressure was 9,200 psi. Then the boron/hydroxide solution 
and the aqueous sodium gluconate solution were separately added on-the-fly. The sodium gluconate was added at a 
rate of 15 pounds per one thousand gallons. Delay time was 1 .5 minutes (determined from a sample of the fluid using 
the 'hang lip" method) with a treating pressure of 9,760psi. The rate of addition of the gluconate solution was increased 
to provide about 20-25 pounds ol sodium gluconate per one thousand gallons of fluid. Delay time increased to 5 minutes 
(determined as before) and treating pressure decreased to 9,300 psi. This experiment demonstrated that separate 
addition ol a polyol delay agent allowed on-the-fly control of borate crosslinked polysaccharide fluid delay lime under 
typical field conditions without modification of fluid pH or boron concentration. 

Example 75: 

To a fully hydratod fluid containing 45 pounds guar por 1 ,000 gallons of fluid was soparatoly added: (a) an aqueous 
solution ol bone acid, sodium sesquicarbonate and sodium hydroxide at a rate sufficient to provide 9 pounds boric 
acid. 8 pounds sodium sesquicarbonate. and 20 pounds of sodium hydroxide per 1 .000 gallons of total fluid: and (b) 
an aqueous solution to provide 25 pounds sorbitol per 1 .000 gallons Fluid pH was 12.4 Delay time was 9.5 minutes. 
This flurd maintained a viscosity greater than 100 cp. at 100 sec.-l al 325T. for more than 1.5 hrs. 



Claims 

1. A method lor controlling the delayed borate-crosslinking of a poly saccha ride-based fracturing fluid, the method 
comprising: 

• providing a hydrated polysaccharide: 

♦ adding a pH control agent to render the Iracturing fluid alkaline: 

• adding a crosslinking agent, wherein the crosslinking agent is capable of releasing at least one borate ion per 
molecule thereof in the Iracturing fluid having an alkaline pH; 

♦ adding a delay agent at a first rate to the fracturing fluid to provide a first delay time, wherein the delay agent 
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is capable of complex ing with the borate ions in the fracturing fluid having the alkaline pH and wherein the 
crosslinking agent and the delay agent are added separately to the fracturing fluid; 

• determining the first delay time; 

• comparing the first delay time to a predetermined desired delay time: and 

• adjusting the delay agent adding step based upon the comparison to a different rate until the predetermined 
desired delay time is substantially achieved. 

2. The method of claim 1 , wherein the delay agent is at least one polyol, wherein each such polyol has at least two 
hydroxy! groups which are in a cis-orientation thereon and has an equilibrium constant greater than 1CP. 

3. The method of claim 2. wherein the at least one polyol is selected from the group consisting of saccharides and 
their acid, acid salt, ester, hydrogenalion and amine derivatives. 

4. The method of claim 3, wherein the saccharide is a monosaccharide. 

5. The method of claim 3. wherein the saccharide is an oligosaccharide. 

6. The method of claim 3. wherein the saccharide is a polysaccharide. 

7. The method of claim 2, wherein the delay agent is selected from the group consisting ol arabinose, fructose, 
mannitol. ribose, sorbitol, xylose, gluconic acid and its salts, glucoheptonic acid and its salts, and combinations 
thereol. 

8. The method of claim 1 , wherein the crosslinking agent is selected from the group consisting of boric acidand borax. 

9. The method of claim 1 , wherein the pH control agent is a hydroxyl ion releasing agent. 

10. The method of claim 9, wherein the pH control agent is a buffer. 

11. A method for controlling the delayed borate-crosslinking of a potysaccha ride-based fracturing fluid, the method 
comprising: 

• providing a polysaccharide: 

• adding a first portion of a delay additive to the polysaccharide; 

• hydrating the polysaccharide in the presence of the firsl portion forming a mixlure of the hydrated polysaccha- 
ride and the first portion; 

• adding a pH control agent to the mixture to render the fracturing fluid alkaline; 

• adding a crosslinking agent to the mixture, wherein the crosslinking agent is capable of releasing at least one 
borate ion per molecule thereof in the fracturing fluid having an alkaline pH: 

• determining a first delay time: 

• comparing the first delay time to a predetermined desired delay time; 

• adding a second portion of the delay agent at a first rate to the fracturing fluid to provide a second delay time: 
and 

• adjusting the second portion adding step based upon the comparison to a diflerent rate until the predetermined 
desired delay time is substantially achieved. 

wherein the delay agent is capable ol complexing with the borate ions in the fracturing fluid having the alkaline pH. 

12. A method foi controlling the delayed bofate-ciosslinking of a poly saccha ride-based fracturing fluid, the method 
comprising: 

providing a hydrated polysaccharide: 

• adding a pH control agent to rondor the fracturing fluid alkalino; 

• providing a pre-formed boron/delay agent complex in the fracturing fluid, wherein the complex is prepared by 
combining in a alkaline solution; 

• a crosslinking agent, wherein the crosslinking agent is capable of releasing at least one borate ion per molecule 
thereol in an alkaline environment and 

• a first portion of a delay agent, wherein the delay agent is capable of complexing with the borate ions in the 
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alkaline environment; 
determining a first delay time; 

comparing the first delay time to a predetermined desired delay time; 

adding a second portion of the delay agent at a first rate to the fracturing fluid to provide a second delay time; 
and 

adjusting the second portion adding step based upon the comparison to a different rate until the predetermined 
desired delay time is substantially achieved. 
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